ABSTRACT. Objectives. Many authorities recommend an interval of at least 3 to 6 weeks after a urinary tract infection (UTI) before performing a voiding cystourethrogram (VCUG). However, such an interval may reduce the likelihood of completing the procedure. This study was performed to investigate whether the length of the interval between a UTI and the performance of the VCUG influences the presence or severity of reflux, and whether it influences the likelihood of actually having the study performed.
U rinary tract infection (UTI) is a common problem in children, which occurs in up to 5% of girls and 1% to 2% of boys. 1 Vesicoureteral reflux (VUR) is present in 25% to 40% of children with acute pyelonephritis. 2 The combination of VUR and UTI may predispose children to pyelonephritis, renal scarring, hypertension, and chronic renal disease. 3 To evaluate for reflux most authorities recommend a voiding cystourethrogram (VCUG) on all males and younger females 3 to 6 weeks after the first UTI. 4 -6 It has been hypothesized that there may be transient reflux immediately after a UTI secondary to inflammatory changes at the ureterovesical junction. 7 If this reasoning is correct, then reflux should occur more commonly when the VCUG is performed earlier than when it is performed later. It has also been suggested that acute infection may cause ureteral dilatation, which may falsely overestimate the grade of reflux. 8, 9 If so, one should find higher grades of reflux in children with VCUG performed earlier compared with later.
There is a potential risk of waiting 3 to 6 weeks before performing the VCUG. During the 3-to 6-week interval, patients who may have VUR and be at risk for chronic renal disease may fail to show up for the scheduled VCUG and thus risk loss of followup. We analyzed patients' records at the Children's Hospital of Austin to evaluate whether the timing of VCUG after UTI influenced the presence or severity of VUR and whether the timing of VCUG influenced the likelihood of completion of this study.
METHODS
We performed a retrospective chart review of 352 admissions whose discharge diagnoses indicated UTI at the Children's Hospital of Austin over a 27-month period from October 1994 to December 1996. Patients included both males and females Ͻ10 years old. For inclusion in the study, patients had to have a documented UTI and a scheduled VCUG. A UTI was defined as growth of a potential urinary pathogen at any concentration if urine was obtained by bladder tap, growth of greater than 1000 colony-forming units/mL if urine was obtained by catheterization, or growth of greater than 100 000 colony-forming units/mL if urine was obtained by clean catch voiding. Patients whose urine was obtained by a urine collection bag were excluded. VCUGs were performed either at the Children's Hospital of Austin or at 1 outpatient-imaging center. Reflux was graded using the international system of radiographic grading of VUR. 10 Of 352 admissions, 139 were excluded from the study. Table 1 shows the numbers of patients excluded and the reasons for their exclusion. The remaining 213 patients were divided into 2 groups according to the timing of the VCUG. The early group consisted of those patients who were scheduled to have VCUGs performed within 7 days after the diagnosis of UTI. The late group consisted of those patients who were scheduled to have VCUGs performed Ͼ7 days after the diagnosis of UTI. If there was no evidence that the VCUG was performed at the hospital, records from the only radiology group in the area were reviewed. Results were also pursued by contacting the primary care providers of the patients.
RESULTS
Reflux was present in 19% (95% confidence interval [CI]: 12.9 -26.4) of the patients studied within 1 week after UTI and in 18% (95% CI: 6.7-34.5) of those studied after 1 week ( Table 2 ). This difference was not statistically significant ( 2 ϭ .034; DF ϭ 1; P ϭ .854). Further breakdown of the late group showed that reflux was present in 20% of patients studied at 1 to 3 weeks and in 17% of those studied after 3 weeks.
Of the 213 patients scheduled for VCUGs, 142 were in the early group, and 71 were in the late group (Table 3) . Whereas 100% of the scheduled VCUGs in the early group were performed, only 48% (95% CI: 35.9 -60.1) of those scheduled in the late group were performed. This difference was statistically significant ( 2 ϭ 89.6; DF ϭ 1; P Ͻ .001). Of the 37 patients who did not get VCUGs, 34 (92%) were under the care of physicians in private practice. Table 4 shows the distribution of grades of reflux in the 2 groups. Although there were only 6 patients with reflux in the late group, it is notable that the percentages in Table 4 are very similar (Fisher's exact test; P ϭ 1.0). For example, grade 3 reflux was present in 48% of patients in the early group and in 50% of patients in the late group; grade 2 reflux was present in 29% of patients in the early group compared with 33% of patients in the late group.
The 2 groups were similar with regard to age. The median ages in the early versus late groups were 7 weeks and 10.5 weeks, respectively. This difference is not statistically significant (Mann-Whitney U test; P ϭ .147). In contrast, the percentage of females was 74% (95% CI: 55.6 -87.1) in the late group compared with 52% (95% CI: 43.6 -60.6) in the early group. This difference was statistically significant ( 2 ϭ 5.113; DF ϭ 1; P ϭ .024). Table 5 contains further breakdown of the timing intervals in the late group. The majority of patients in the late group (72%) had their VCUGs performed at greater than 3 weeks; 50% had their VCUGs performed at greater than 4 weeks.
DISCUSSION
VUR is the most common anomaly of the urinary tract in childhood. 11 It is important to detect reflux in a patient with a UTI because reflux predisposes to pyelonephritis by facilitating the ascent of infected urine to the kidneys 12, 13 and because children with reflux are at increased risk for renal scarring.
14 The presence of scarring and reflux together, or either of them with subsequent UTIs, is associated with an increased risk of progressive renal damage. 15 Many authorities recommend evaluation of infants and young children with pyelonephritis for VUR. 16, 17 However, the time to evaluate children with UTI by performing a VCUG is not clear. The traditional recommendation to wait 3 to 6 weeks after the infection has been based on the belief that acute infection leads to transient reflux. In the past, it has been theorized that acute inflammation may cause obstruction and result in reflux 18 or that infection per se results in reflux. 19 More recent work, however, suggests that VUR is a primary phenomenon attributable to incompetence of the ureterovesical junction and not secondary to either obstruction or infection. 20 If VUR is a primary phenomenon, it should not matter how long the interval is between diagnosis of a UTI and performance of the VCUG.
Only 1 previous study has examined the association between reflux and the interval between a UTI and the VCUG. 21 No relationship was found between the presence or severity of VUR and the timing of the VCUG when the VCUG was performed later than 1 week. However, this study examined only 2 patients whose VCUGs were performed in the first week after the diagnosis of UTI.
In our study, there was no significant difference in the presence of reflux whether the VCUG was performed within 1 week or later. In addition, the 2 groups had similar grades of reflux. Our results indicate that early performance of VCUG does not lead to an overestimation of the presence or grade of reflux. In contrast, waiting to perform the VCUG has substantial risks. Waiting Ͼ1 week to schedule the VCUG resulted in more than half of the scheduled VCUGs never being performed. Loss of follow-up of patients (some of whom will have reflux and will, therefore, be at high risk for further UTIs and chronic renal disease) is unjustified if waiting does not increase the accuracy of the VCUG results. Because this study was retrospective, the timing of the VCUG was not determined randomly but by the judgment of individual clinicians. Some physicians provided feedback that many children who had been scheduled for VCUGs at the traditional 3 to 6 weeks after a UTI did not have studies performed and failed to appear for follow-up appointments. This feedback led hospital-based physicians caring for mostly indigent patients to perform VCUGs before discharge in many cases. Of the 37 patients who were scheduled for VCUGs after discharge but who failed to have VCUGs performed, 34 (92%) were under the care of physicians in private practice. Because private practice patients generally have more resources to return for follow-up studies, it seems unlikely that ability to obtain transportation or to keep follow-up appointments confounded these results.
There was no statistically significant difference in age between the patients studied early and those studied late, so age is unlikely to be a confounding factor in this study. However, with regard to gender, there was a statistically significant difference between the 2 groups. The proportion of females in the late group was higher than that in the early group. Nonetheless, previous work 22 has shown that the likelihood of finding reflux in children with UTIs is the same in both genders. Therefore, gender is not likely to be a confounding factor. There is some possibility of type II error in our results because the number of patients with reflux in the late group was small.
All the patients in this study were hospitalized with UTI, whereas most children with UTI are treated as outpatients. Patients with UTI who are hospitalized are generally sicker than are those who are not. Therefore, it may not be appropriate to extrapolate these results to outpatients. However, a previous study 21 that did include outpatients found no relationship between the presence or severity of reflux and the timing of the VCUG when the VCUG was performed after 1 week. A prospective, randomized outpatient study is desirable.
CONCLUSION
The traditional recommendation to perform a VCUG 3 to 6 weeks after a UTI should be reconsidered in hospitalized children. Because there is no evidence that waiting has an advantage and because waiting is associated with failure to perform the VCUG, a hospitalized patient with a UTI should have a VCUG peformed before discharge. Fisher's exact test; P ϭ 1.000. 
